(19) 


EuropAisches Patentamt 


llUlillllllilllillil 


European PMnt OHioe 






Office eiuwtoi des brevets 


(11) EP 0 734 184 A2 


(12) 


EUROPEAN PATEm- APPUCATION 


(43) 


Date of publication : 


(51) Intel.®: H04N9/31 




25u09.1996 Bulletin 1998^9 




(21) 


Appllcalion miniver: 96102042.7 




(22) 


Date of filing: 1 3.02.1 99o 




(84) 


Designated Contracting States: 


- Doany, Fuad E. 


DEFRGB 


Katonah, New Y6ri€ 10536 (US) 






• Dove, Dereic B. 


(30) 


Pnoiity: 23J:»3.19^ US 410428 


Mt. Kisco, New York 1 0549 (US) 




• RosenbkJtti, Alan E. 


(71) 


Applicant: INTERNATIONAL BUSINESS 


Yorktown Heights, New York 1 (te98 (US) 




MACHINES CORPORATION 


* Singlii Raina N. 




AfYiKink, N.Y. 10S04 (US) 


Bethel, CkmnectlGiit 08801 (US) 




Inv^itors: 


- Wllczyiiski, Janusz S. 


^ndla Park, New Mexteo 87047 (US) 




Clilii, George L 




Cross River, New Vbrk 10518 (US) 


(74) Representative: Teulel, Fiitz, DipL-Phys. 


m 


CIppola, HionBS M. 


imi DeutscMand InformatJonssysteme GmbH, 




Katonah, New Vbrk 10536 (US) 


Patentwesen tind Uitieberrecht 






70548 StUtlS8rt(PE} 



00 



(54) Efficient optical system for a liigh resoiulion pro|ection display employing reflection ilgtit 
valves 



(57) An optical system is deecril^ed consisting of 
reflection birefringent valves, polarizing beam split- 
ter, ootor image combining prisms, illumration systan, 
projection lens, filters for color and contrast control, and 
screen placed in a configuration offering advantages for 
B tifgli resolution ookir display. The ^stem includes a 
quarter wasfe plate positioned to suppress str^ refiec- 



lion from the proiection lens. The system also includes 
a second quarter wave plate disposed on the screen 
and a polarizing film disposed on the second quarter 
wave plate to suppress ambient light from illuminating 
the screen and entering the system. 
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DescrtpUon 

RELATED APPLICATIONS 

This application b related to U.S. application Serial s 
N06. 410 429 and 410 430, each entitled EFFICIENT 
OPTICAL SYSTEM FOR A HIGH RESOLUTION PRO- 
JECTION DISPLAY EMPLOYING REFLECTION 
LIGHT VALVES, each fOed concurrently here^vilh. and 
rach of which are incorporated herein by reference. io 

BACKGROUND OF THE INVENTION 

Field of the Invention 

15 

The present invention is directoJ to optical eysterr^ 
for projection displays and more partiojlariy to a tiigh 
resolution tniproved optical system errploying reflection 
l^ht valves. 

20 

Discussion of the Prior Art 

The development of fiqukJ crystal f bt p»nel displays 
has led to interest in using such panels as transmission 
light valves for a color prelection cS^lay lor ctetta or 25 
video applications. A nurr^er of such systerr® are com- 
mercially avaflable. Hovifever, in order to prepare fight 
valves with a higher numlber of pixele as required for 
high resolution applicaliors. the lqi£d crystal panel 
becomes large. It is diff icutt to produce panels vMt very so 
smaD pixels ^nce the electronic c^uit structure needed 
for the operation of the panel obscures the light pas- 
sage through the pixels to an intolerable degree. 
Instead, there is Interest in light valves consisting off an 
array of pixels deigned to operate in refledioninslead ^ 
of transmis^. In reftedion modep it becomes possUe 
to liabricate the mirror structure (Erectly stove the elec- 
tronic circuitry. This mode dlce^ smaller pixel areas 
without the <4)8truction of tight passage called by the 
circuitry, thus allowing maximum li^t throughput. This 40 
solves the pixel size problem, but introduces ooinpiexity 
into the optical system rec^ired to prqjed an image of 
one or several ceSIs onto a screea 

A m^or class of liquid crystal light valves operates 
In a birefringent mode. Uqi^d crystal lighS valves are 4S 
one known type of a ^atial li^t modulator. The operat- 
ing principle is bas^ on rotation of polarization of the 
incoming light tor each pixel. An image is formed in a 
transmission Gquid crystal ceQ when the ceil is placed 
bflfiween two polarizers. In a reflection mode of opera- so 
tion. the chaHenge rs lo direct linearly polarized light 
onto the light valves and to form an image only using the 
light rejected with rotated polarization. The reflective 
tight valve mirrors will reflect both polarizatiorffi of tight 
Light of the original pdarization must b& selectively ss 
removed from the reflected light beam and not be 
aDowed to reach the screen. 

U.S. Patent 4,^7.301 to Ledebuhr discloses a liq- 
uid crystal light vahie projection system that indudee a 



beam polarizer, a color separating assembly that com- 
prises two color separators enclosed in a liquid taied 
^iclosure. aiKt liquid crystal reflection light valves for 
reflecting the s^^arated colored light back into the s^- 
arating assembly to t>e combined and directed into a 
projection lens. One of several dra«tfbacKs of this system 
Is that stray Dght is reflected back from the prelection 
lens into the system which results In poor contrast. 
Another problem with the above prior art system is the 
adverse effect of room tigfit reflections from the screen 
that aleo enter the system and cai^e contrast degrada- 
tion. Thus there Is a need ior an efiident optical system 
for acNeving a full color high resolution di^lay using 
several reflective birefringent fight valves. 

SUiVJMARYOFTHE IIMVENTlON 

The cbiett of this invention is to provide an efficient 
compact optice] system for a high resolution data or 
video protection c^ay, having full color and utilizing 
refflection^type birefringent spaSasA light modulators such 
as liquid crystal light valves that eliminates the problems 
of prior art systems. 

The present invention accomplishes the above 
cAgects by providing means for substantially suppress- 
ing stray reftectiorffi from the projection lens from reach- 
ing the saeen and by providing means for suppressing 
ambient Iqht from illuminating the screen. The liquid 
crystal 0-CD) prqjector of the present invention 

comprises an illumination system having a light source 
such as a metal-halide arc lampt an ultraviolet and Infra- 
red filter or fBters po^oned in the optical path from the 
ligtit source for filtering out the ffifrared and uttravidet 
light knitted from the light source and a relay lens sys- 
tem for magnifying the illumination system <»j^ut plane 
and ImagEng said plane onto the liquid crystal light 
vahree. 

Between the relay lens system and the light valves, 
the LCD projector also includes a polarizing beam split- 
ter cube for sheeting one of the tvao polarizations of the 
light and directing said polarization akMig ^e optical 
path, and an optical assembly comprised of a plurality of 
jpn&ns for separating the light Into a i^rafity of ootor 
components. In the preferred embodiment, the prism 
assembly is comprised of tirree priens tor sequentially 
separating the red (R). tdue (B) and green (G) light com- 
ponents from tf^ visible and directing each light 
element onto a reflective LCD li^^t valve. The three light 
valves are positioned with th^r reflective sudaces per- 
pendlcidar to the optical path and serve to spatially 
modulate the fight beam by means of rotation of the 
polarization of tiie fight, and to reflect each of the R, G, 
B light eSements back into the optical path such that 
each of the three elements vvill retrace its original path 
through the color prism assembly wfiich serves to 
recombine the three R. Q, B light el^ents into one light 
beam. The gght beam will then resmerge from the cotor 
prism asseiftbly, pass through the polarizing beam split- 
ter cube which win separate the modulated light from 
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the unmodulat^ light ar^d direct the mcdulafied light 
beam into the proieclion lens which serves to combine 
the images of the three light valves and pn^ect the com- 
posite in«se onto a rear pFqection screen comprising, 
for example, a fresnel lere and a diffii^ng screen. The 5 
means tor suppres^g stray reflection from the projec- 
tion lens from r^ching the screen includes a quarter 
wave plate di^osed t)etween the polarizing beam split- 
ter cut>e and the projection lens. The optical path from 
the pra|ecflon lens to the screen rimy also contain one 70 
or more fold mirrore to direct the light onto the screen. 
The means for suppressing ambient tight from the 
screen includes a quarter wave plate and a polarizvig 
film placed on the screen wHh the plate being positioned 
between the screen and the fflm. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schenmtic of an optical prelection dis- 
pls^ system tor the preserrt inventton; 

Rgure 2 is a schematic crossrsecHorral view of light 
paths through a color separating assembly of the 
system of Figure 1. 

DETAILED DESCRIPTION OF THE INVEf^mON 

Referring now to the drawings. Figure 1 shows a 
schematic of the optical arrangement for an LCD projec- 
tor 10 of the pres^it inventton. The projector 10 
indudes a lamp source 12, an infrared filler 14, an uitra- 
violet filter 16, and an illumoiatton system 18 includ'Eng 
an intensity unifonnization m^ns such as a light tunnel 
56. The projector 10 also Includes a pdarlzBig beam 
spBtler 22. a prism assembly 24 lor sequentially sepa- 
rating the fight into the d^red plurality of colors, such 
as red. green and blue light components, and directing 
each of the three color components onto one of three 
birefringent reflective light valv^ 26, 27 and 28. THe 
prism assembly 24 is comprise of three prisms 30. 31 
and 32 arranged at angles to provide two color separat- 
ing surfiaoee 34 and 36 having dichrdc coatinge thereon 
that provide the de^red color separation. The prism 
assembly 24 serves the additional function of reoontbin- 
Ing the fight reflecled from the light valves. Ttie dichrdc 
coatings are designed to preserve performance tor btith 
poteirizationa The pipjector 10 further includes a pipjec- 
tion lens 38 and a screen 39 upon which the desired 
image is formed. The optical image fomnir^ module 
comprising the polarizing t>eam flitter cnjba 22, the 
color ^fitting/ comUning prism aseemUy 24 i^ed in a 
dot&ie-r^ss nrtode, and the r^lective lighl valves 26, 27, 
28 form the ooicr images that may be projected onto a 
screen. It should be noted that the relative position of 
the illumtoation system 18 with the lighd source 12 and 
filters 14 and 16 as shown in Figure 1 nay be 
eoGchanged with the proieGtlon lens 38 and screen sys- 
tem 39. 
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The projector system 1 0 also includes various atfdi- 
tioral efficiency enhancement means. These additions 
indude color and polarization controlling fitters placed 
at tey locations for the enhancement and owitrol of 
coior and contrast These fiters Inctode a poterizing fflm 
40 placed in the iDumination path between the lamp 12 
and the polarizing beam splitter cube 22 and/or a polar- 
izing film 42 placed between the polarizing cube 22 and 
the projection lens 38 tor additional polarization control 
and tor contrast entencement Color filters 43. 44 and 
45 can also be placed between the fight valves and the 
color priOT assenr*)ly 24. In addition, a color fitter 46 can 
be placed within the Otumination path between the lamp 
1 2 and the polarizing beam splitter cube 22 tor cotor and 
stray fight control. 

In accordance with the present invention, the pro- 
jector system 10 furlher Includes a quarter wave plate 
48 (deposed between the projection lens 38 ard a 
source of the reoombined l^mn^ in this case the bram 
20 ^itbng cube 22 to remove stray light reflected back 
from the lens 38. A furlher efVidenqf means is provided 
by a screen elemertt consisting of a qiarter wave fDm 50 
and a polarizing film 52 disposed on screen 39 to 
reduce the effects of room light reflection. The polarlz- 
^ ing film 52 is placed on the viewing side of the screen 39 
and the quarter wavefater 50 isplaced t>etween thefim 
52 and saeen 39. 

The function off the nrrajor components within tiie 
di^lay system can be understood by tollowing the path 
30 of liQ^it rays from the light source 12 through the system 
to the screen 39. The light source 12 is a melal-haJide 
arc lamp with a parabolic reflector. Immediately follow- 
ing the lamp reflector 12 are filters 14. 16 tor removing 
the infrared and ullrsviolel radialton from the light 
ss source. The visfiDSe fight is then directed into the illumi- 
nation optics 18 which frinctions to provide uniform light 
intensity and to torm a largely parallel beam thai is to be 
used to bring light upon the fight valves at a largely nor- 
mal incidence. The illumination optics includes a lens 54 
40 to focus the emitted visible light into a light tunnel 56 
comprised of either a set of mirrors to torm a hollow tun- 
nel or a ^ab of glass to form a solid light binnel. A relay 
lens system shown for example by lens 58 and 60 rrag- 
niTies the ur^rm fight tunnel output plane and in^ges 
45 the plane onto the spatial llglht modulatoTS through the 
biMm sf^ng cube 22 and prism assembly 24. 

The light incident upon the light valves must be fin- 
ely polarized, but light reflected having the same 
polarization is to be caduded from the image forming 
so b(ffim. Application of a vottags to the Pqutd crystal light 
vsdves 26, 27. 28 causes a rotation of polarization, 
therefore light of poSarization loiated relative to the inci- 
dent tjeam is selected for forming the Image upon the 
screen. This is achieved by use of the polarization beam 
55 splitter cube 22 designed for use over a wide range off 
wavelengths of the visible light spectrum and over a 
su'rtBt)ie rartge of angular divergence of the beam, typi- 
cally a number of degrees. 
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The li^ path through the irmge-forming module is 
shosfn in detail in Rgure 2. Light beam 62 enters the 
beam splitter 22 and Itie so-called p polarization com- 
ponent prepares directly towsards the light valves 
whereas the s component is reJIected by the prism as is 5 
well known for a polarizing beam fitter. Light of p 
polarization from the polarizing t)eam spJftter enters 
prism assembly 24 which is simBar to thai used to divitte 
light into primary color bands in a video camera. This is 
achieved lay dichroic coating upon the prism faces as is 70 
well known for the camera application. Surface 34 
reneds the red component and transmits bkie and 
green components. Surface 36 reflects ihe b3ue compo- 
nent and transmits the remaining green component 
The red and blue oomponsnls are internally reJIected kiy is 
their respective prisms 30 and 31 and exit through out- 
put faces 64 and 66. The green component exits directly 
through output iace 68. It diould be noted that the 
sequence 0^ separalicOT of the R, Q. B components may 

be changed as desired. 20 

The individual red, green and blue color compo- 
nents impinge upon Bght valves 26, 27, 28 situated at 
the output feces 64, 66. 68 of the prism assembly 24. In 
camera applications of these color prisnr^ CCD detec- 
ts would be placed at the location of the light valves. 25 
In the present invention, tha light b reflected back from 
each valve so as to traverse the prism assemlbly 24 a 
second time, so reconstituting a ^trhite" Btfit beam 
again from the R. Q and B color componente. The red 
component is again reflected from surfsK^e 34. The blue ao 
component is reJIected at point 70 of ajrfece 35 of prism 
31 but is transmitted at point 72. The angle of inc«lence 
at point 70 is steeper than the so-called critical angle so 
that total Internal reflection occurs. The bSue component 
is transmitted at point 72 because the angle off inci- 35 
dence Is below ttie critical angle. The comtMned R. Gi B 
reflected beam 74 traverses the polarizing beam flitter 
22. but this time the original p component is trananltted 
through the prism and discarded while the rotated s 
polarization comjK>nent is reflecied the prism as 40 
desired, to the projection lens. It fe to be nrted that the 
proiedion lens must be of a Qsectal design to accommo- 
date the large glass wortgng distance and the teleoen- 
tric aiumination. Such a lens is described as a retrofecus 
teSecentric lens. The prpfection lens fonre an Imago of 45 
an three Tight valves upon a scre&n which may be 
viewed either from the front or rear. The images oJ the 
light valves are brougtit into coincidence upon the 
screen by mechanical adjustment ^ the light valves rel- 
ative to ihe prism output teces. ^ 

An alternative optical arrangem&it is also possible 
in which the 6 polarization is used for illimwiatton and 
the p polarization Is used in the imaging patti. This 
arrangement can be simply acNe/ed by interchanging 
the ilhjnBrwtiOT optKS and the prelection lens in Rgure ss 
1. 

As stated above, tfie elf idertcy of the optical system 
is Improved by quarter wave (^ate 48 mcorporaSing a 
tWn birefringent Is^r placed between the proiectk>n 



lens 38 and the polarizing beam flitter 22 for the 
reduction of the posAlity of light reflected back into the 
optical system by the suriiace of the lens elements bdng 
reflected back again to the screen. Light going through 
the quarter wave retardation plate or film 48 toward the 
lens 38 and then reflected back through the film a sec- 
ond time will have its polarization rotated by 900 and 
thus will be removed from the optical system by the 
polarizing a4>e 22 and/or by the polarizing film 42. 

The optical system of the pr^ent invention is also 
directed to a saeai element con»sting of a quarter 
wave plate or film SO and a polarizing fflm 52. These ele- 
ments are placed on the screen 39 with the polarizing 
film 52 on the outside and the quarter wave film 50 
toward the lens 38. These screen elements serve to 
reduce room fight reflecttons from the screen while 
transmitting essentially all the light from the prpjectton 
lens. By converting the circulariy polarized light from the 
lens back to Gnear polsrizalion. all the linearly poteirized 
light will be transmitt«J through the polarizing fBm. The 
ffrst polarization off room light will be absorbed in the 
pdarizcng film 52 as the fight enters the film. The sec- 
ond polarizatton wfll pass through the quarter wave film 
50. reflect off the screen and go back tlvou^ the quar- 
ts wave film 50 a second time. This 6oMe pass con- 
verts tfie second polarization to the first polarization 
which will be absorbed by the polarizing fflm 52. 

Several additional features are disclosed to further 
improve efficiency. It is preferred that aB dtehroic coat- 
ings be opiinvzed for their function within the system. 
Tliat i^ although polarizing beam splitters and ootor 
comt»ntog prims are known in the art, they are poorly 
suited to the present aw^lication unless care is taken to 
design Ibr the optimlzaMon off the incklent p polarizatton 
and emergent s poteu-ized beam. Additional system 
design elements of the present invention include the 
incorporation of a beam intenmty hontogenizer such as 
a light tunnel. In a preferred embodiment the li^t tun- 
nel 55 has a cross-sectional shape substantially cdentl- 
cal to the cross-sectional shape of the light valvee 26, 
27. 28 in order to capture substantially all of the light 
emerging from the Bght tunnd in the system. When not 
so matched, significant portfons erf ihe edges off the 
image win be lost or ©gnfficant portiOf« off the illumina- 
tion li^t will be tost The use off a lamp of small arc size 
matohed by opHcal design for efficient iDuminatton off the 
light valves is also prefen'ed. In addition, the use of cotor 
filters 43, 44. 45 and 46 provide selection of the color 
bands, color balance and color purity tor improving effi- 
dertcy. Each ^satial fight modulaSor has its own flHer or 
filters. The filters abeorb tand edges of each color since 
the cotor splitting/tombining prism assembly 24 is not 
efffkaena at band edges, because band edges are partic- 
ularty sensitive to polarized light The filter operates in 
bdth dcjedtons. i.e.. ight gdtng to the nnodulator and 
light reflected by the moduieoor, and absoriDS light of the 
other two colors. FBter 46 removes stray light in the 
assembly^ 
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Pre-poiarizer 40 is an absorbing film that absorbs 
one polarization of v^ht and transmits Itie other. Film 40 
pr e-seiects the polarization used in the optics by order Id 
enhance their p^formance, as well as provide improved 
contrast Post-polarizer or dean-up polarizer 42 is an 5 
ab80rt>ing polarizing film. FBm 42 is aligned to transmit 
the modulated light absorbs any residual unmodulated 
light and provides enhanced performance and better 
contrast 

The cfisdosed optical sy^em has i^^piication to 10 
desk top data monitors having compact form and very 
hl0i resolution compared wHh CfRT monitors. It also has 
application to conference room cfispl^s, for video and 
for HDTV usage. It may be Implenranted as either a 
front or rear screen projection cfisplay. is 

Wliile the invention has been particularly shown 
and described with respect to iHustrative and preferred 
embodiments thereof, it will be understood by those 
skaied in the art that the foregoir^ and other changes in 
form and details m^ be made therein without departing ^ 
from the spirit and scope dt the invention which should 
be ilnrtited only by the scope of the appended dalms. 

Claims 

25 

1. An apparatus for displaying an image on a screen 
comprising: 

a projection lens: and 

30 

means for substantially suppressing stray 
reflection from said projection lens from reach- 
frig said screen. 
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means for directing light fn>m said source into 
said polarizing beam spfitting means; 

a prism assenr^y for splittirtg the light from said 
polarizing beam splitting mear^ of said first 
polarization into a plurality of colors and direct- 
ing each color through a separate output face 
of said pr^ assembly and tor reoonrt)ining 
said plurality of colors reflected back Into said 
prism through each respective output face; and 

spatial light modulating means positioned adQa- 
cent each output face of said prism assembly 
fbr relating the polarization of sakJ colored light 
(firected through each output face of said prism 
and reflecting said roteUed colored light back 
Into said prism assembly through each said 
re^^ective output face for recombining ther^n; 

said polarizing beam splitting means spfitting 
said recombined colored light directed therein 
from said prism assembly into first and second 
polarizations and directing light of said second 
polarization into said proiection len& 

8. The apparatus of claim 5 wherein said spatial light 
modulating means includes a liquid crystal light 
valve assembly. 

7. The apparatus of daim 5 wherein said prism 
asseni)!y is conprised of three solid glass prisnrs 
forming two color separating surfaces located inter- 
nally of said asserribly. 



35 a The apparatus of daim 5 wherein said polarizing 
beam splitting means Is comprised of two sofid 
glass prisms forming a polarization separating sur- 
f^ Internally of said beam spHtHng means. 

40 9. The apparatiA of daim 5 wh^ein said means for 
directing light from said source to said poterizing 
beam splitting means indudes an illumirmtion 
assembly havii^ means for filtering out ultraviolet 
and infrared light and means fc»* providing uniform 

4S light intensity to the light directed to the polarizing 
k>eam fitting means. 



2. The apparatus accordng to daim 1 wher^ sad 
means fbr sii>stantially suppressing stray reflection 
indudes a quarter wave plate disposed b^ween a 
source of said image and said proiecHon lens. 

3. The apparatus according to claim 1 further includ- 
ing means for suppressing annlKent light from Ulumi- 
naling said screen. 

4. The apparatus of daim 3 wherein said means fbr 
suppressing anr^ient Ggtit includes a quarter wave 
ptete and a polarizing film placed on said screen, 
said fX)larizing film being positioned on the viewing 
side of said screen and said quarter wave plate 
being positioned between said pdarizing film and 
said screen. 

5. The apparatus of daim 1 further including: 



10. The epparotus of daim 5 wherein said nr^eans for 
substantially suppresdng stray reflection indudes a 
so quarter wave pl^ positkNied between said projec* 
tion lens and said polarizing l>eam spfitting means. 



a light source; 

55 

a polarizing beam spfitting means for spfittffig 
fight into first arxi second polarizations; 
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